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Summary

A computer-aided analysis procedure based upon a
modified Ebers-Moll transistor model is used to predict
RFI effects in bipolar integrated circuits (IC's). The
procedure is applied to a digital IC to determine the
RF power levels that cause several EM susceptibility
thresholds to be exceeded.

I. Introduction

The modified Ebers-Moll model for a bipolar junc-
tion transistor has been developed for predicting RFI

effects in bipolar integrated ctreuits. 13 In this
paper it will be shown that the modified Ebers~Moll
model can be used with electronic circuit analysis
programs such as SPICE (Simulation Program with Inte-
grated Circuit Emphasis) to provide useful information
about RFI effects in digital bipolar integrated

circuits.‘

The basic situation of interest is i1llustrated
in Fig. 1. Electromagnetic Radfation (EMR) incident
upon a system outer enclosure (skin) is coupled through
apertures in the skin to the system interior. The in-
terior EM fields induce RF voltages on the system ca-
bles. The RF voltages are conducted to semiconductor
devices such as integrated circuits (IC's) located
inside electronic equipment. The RF voltages can cause
RFI effects in IC's. The example discussed in this
paper is illustrated in Fig. 2. The RF voltage in-
duced on a system cable is modeled by the Thevenin
equivalent voltage source VGEN with impedance RGEN.
The bipolar IC is a 7400 NAND gate (a widely used TTL
device). The specific case simulated i{s the one in
which both NAND gate input voltages are high and the
NAND gate output voltage is low in the absence of RF
injection. The RF is injecfed into the output terminal
because previous experimental and analytical investiga-
tions have demonstrated that this case exhibits EM
susceptibility effects at lower RF power levels than

other cases.5'7

Two examples have been selected to illustrate how
computer-aided analysis can yield useful information
on RFI effects in integrated circuits. In the first
example three types of 7400 NAND gates are simulated
using the computer program SPICE. These NAND gates
are the standard 7400 series, the high speed 74H00
series, and the low power 74L00 series. In the second
example a worst case analysis procedure is described
which is quite straight-forward. The procedure is used
to perfarm worst case analyses for an RF perturbed
7400 NAND gate whep the Thevenin equivalent RF source
impedance RGEN is not known apriori.

'This paper reports on an integrated circuit electro-
magnetic susceptibility investigation sponsored by the
U.S. Naval Surface Weapons Center, Dahlgren Laboratory
under Contract No. N60921-76-C-A030.
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This paper is organized in the following manner.
In the next section the SPICE simulation procedure using
the modified Ebers-Moll model is described. In Section
I1I the SPICE simulation results for the 7400 NAND gate
type varfation investigation are presented. In Section
IV the worst case analysis procedure is described.
Section V is the conclusion.

System Ouler Enclosure {Skin)
Coble Shisld
e e =—1D

Equipment 0] Eavipment

EMR
Emi
(W/N®)

i |

Fig. 1 Basic situation of interest. EMR incident
uoon the system outer enclosure (skin) is coupled
through skin apertures to the system interior.
The internal EM fields induce RF voltages on the
system cables. These RF voltages are conducted
to semiconductor devices such as integrated cir-
cuits located inside electronic equinment. The
RF voltages can cause RFI effects in integrated
circuits.

II. SPICE Simulation Procedure

The electronic circuit analysis program SPICE was
developed specifically for analyzing IC's and has been

used to predict normal IC operation quite succeasfully.‘
The phrase "normal IC operation" is used to denote IC
operation in an ideal environment in which no RFI sig-
nals are present. Unfortunately such ideal environ-
ments do not exist everywhere, and IC's must often be
operated in environments where strong RFI signals exist.
The simulation program SPICE can also be used to predict
the effects of RFI upon IC operation using the proce-
dures described in this section. An important point is
that no change in an existing SPICE program code is
necessary. Standard SPICE models can be used for all

IC components not affected by RFI. The transistors in-
to which RF is injected are modeled using the modified

Ebers-Moll model described in the previous paper.l The
modified Ebers-Moll model is implemented by using the

external model function available in SPICE.‘ The main
steps in the procedure used will be described for the
7400 NAND gate. Similar procedures can be applied to
other cases where RF is injected into the terminals of
a small-scale bipolar IC.
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Fig. 2 Schematic illustrating RF signals being
counled into 7400 NAND gate output.

The 7400 bipolar NAND gate was the IC selected

for the initial SPICE simulations because it is a
widely used digital IC and because its EM susceptibility

properties have been extensively measured and reported

upon. The results of these previous investigations
have indicated that 7400 NAND gate operation can be
affected significantly by RF injected into several of
its terminals. However, the most susceptible case is
the one illustrated in Fig. 2 in which RF is injected
into the output terminal when the normal output voltage
VOUT is low (VOUT <0.4 V). The output voltage is low
when both input voltages VIN are high (VIN >2.0 V).
When both 7400 NAND gate input terminals are high, the
RF injected into the output terminal can cause the out-
put voltage to change from its normal low value (VOUT
< 0.4 V) to an RF induced higher value (VOUT > 0.8 V).
This is the situation that has been simulated using
the computer program SPICE. It should also be noted
that most members of the 74XX TTL family have essen-
tially identical output circuitry and that the results
obtained for the 7400 NAND gate should also be appli-
cable to other 74XX IC's.

Shown in Fig. 3 is a circuit schematic diagran
of a 7400 NAND gate with external connections. The
7400 NAND gate includes four resistors (R1-R4), four
transistors (T1-T4), and three diodes (D1-D3). The
dual emitter transistor Tl will be modeled by a single
emitter transistor, and the diodes D1 and D2 will be
modeled as a single diode DIN. Previous analyses have
shown that when RF is injected into the 7400 NAND gate
output (as shown in Fig. 2) that the RF interference
can be accounted for by assuming that all the incident
RF power is absorbed in the output transistor T4. Thus
in this paper only the case in which the transistor T4
absorbs all the incident RF power is considered. One
result is that the standard component models available
in SPICE can be used for all 7400 NAND gate components
except the transistor T4. The transistor T4 is modeled
using the modified Ebers-Moll model shown in Fig. 4.

The first step in the simulation procedure in-
volves determining the 7400 NAND gate parameters re-
quired to simulate its normal (no RFI) operation.
Values for the resistors R1-R4 are available on manu-
facturer's data sheets but values for the diode and
transistor parameters are not. If no information on
the 7400 NAND gate diode and transistor parameters
were available, the SPICE default or typical values

would have been used.b Fortunately, at least one
source of information on 7400 NAND gate parameters is

NAND Gate
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Fig. 3 Schematic diagram of a 7400 NAND gate with
external connections. Node numbers used in
SPICE simulations .are shown.
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Fig. 4 Modified Ebers-Moll model in an external

model configuration for SPICE simulations. Node

numbers used in SPICE simulations are shown.

available.8 Although this information is presented in
a format for use with the electronic circuit analysis
program SCEPTRE, it can be readily converted to the
format used in the program SPICE. The resulting SFICE
parameter values 2ve given in Table I for the diodes
and transistors in the 7400 NAND gate. These parametecr
values are entered as data for a SPICE simulation. (See
Table AI in the Appendix for an example of data for a
SPICE simulation of an RF perturbed 7400 NAND gate).

Also given in Table I for the 7400 NAND gate
transistors are the modified Ebers-Moll model parameter
values which do not depend upon the RF power. The
transistor T4 into which all the RF power {s a:sumed
injected is modeled vsing the modified Ehers-Mcll model
shown in Fig. 4. The mdified Ebers-Moli model is in-
corporated in the SI'.CE data cards as an external model
as shown in Table AI in the Appendix. (For a detailed
description on using ¢xterual models in the program

SPITE, see the SPICE user's manual).‘ To implement

the current-dependent current sources IAFIE and IARIC
in the modifie? Ebers-Mc1l model, 1 Q current sensing
resistors RESENSE and RCSLN5E are placed in the emitter
and collector circuit as shown in Fig. 4. The current

sources IAFTE (u.I.)and IARIC (uRIR) are made to depend

&
upon the volta,e diuvns VIZI - V13 and V12 - V11 across
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TABLE I TABLE I .
Diode and Transistor Parameter Values ; iati
sistor Values for 7400 NAND Gate Type Voriations
for the 7400 NAND Gate e e e
Diode Poromaters e | out
Nome Porameter Description OIN__ D3 i T s £
RS  Ohmic Resistonce (Q) 60 30 L ; S 20 i1,
IS  Satwation Current (pA) 00 5 R2 143 — 070
Tronsistor Porameters R3 0416 — 046 ~— 0416 —
Nome _Porameter Description T 12 13 14 Ré 106 — 106 — 2 —
6F  Forward Beta (BF) 316 198 472 217
BR  Raverse Boto (GR) 0024 080 082 106 o es 1 0 % ;
RB  Bass Ohmic Resistancs (1) €8 b 70 80 RLL 0.30 15 028 10 4 10
IS  Saluration Current (pA) 5 3 8 20
::'. ;mvd Alpha :QF; 24 952 945 956
everse Alpha (aR 0024 057 .076 . = 3
IES® Emitter Diode Sat. Curremt (pA) 2 3 8 oggs resistances R1-R4 shown in Fig. 'l;e t:::‘r::;;t;:;:: e

ICS® Collector Diode Sot. Current (pA)
® Porometer used in modified Ebers- Mot Medel,

200 S50 100 200

the resistors RESENSE and RCSENSE respectively. The
result is that IAFIE = AF (V12 - V13) and. IARIC = ARe
(V12 - V11) where the values for AF (up) and AR (cl)

are given in Table I. The diodes DE1 and DE2 both have
the saturation current IES and the diodes DCl and DC2
both have the saturation current ICS given in Table I.

Also shown in Fig. 4 1s a dc voltage source with
a voltage equal to the amplitude of VGEN of the Thevenin
equivalent RF source shown in Fig. 2. The dc voltage
source controls the voltage V16-V20 which controls the
RF induced dc current generators ISCE and ISCC., The
exact relationship between ISCE and ISCC and VGEN must
be determined by the user. Two different procedures
for relating ISCE and ISCC to VGEN will be described in
the next two sections. (Similar statements apply to the
RF induced resistors RGE and RGC.) By causing VGEN to
vary over an appropriate range of values, the values
for ISCE and ISCC are made to vary also. To determine
the appropriate range of values for VGEN the relation-
ship

PINC = vcm’/skcsu (1)

is used where PINC is the RF power incident upon the
7400 NAND gate. The value for PINC is assumed to be
equal to the maximum available power from a Thevenin
equivalent RF source of amplitude VGEN and impedance
RGEN. This may be viewed as a worst case assumption.
When RGEN is 50 2, Equation (1) may be written as

VGEN = (400 pINC)®-3 (2)

In the next two sections the SPICE simulation
procedure described in this section will be applied to
determine the relative EM suaceptibility of various
7400 NAND gate types (Section III) and to perform a
worst case analysis when the RF Thevenin equivalent
source impedance RGEN is not known apriori (Section IV).

EM Susceptibility of the NAND Gate Types
7400, 74400, 74L0Q

Three types of 7400 NAND gates have been investi-
gated to determine their relative susceptibility to RFI.
These are the normal 7400 serfes, the high speed 74HO0
series, and the low power 74L00 series. These three
NAND gate series use different values for the internal

111,

values are given in Table II.
have the same output stage, but the resistance Rl in the
input stage varies. The variation in the value for Rl
manifests itself in the value of the resistor RLL re-
quired to simulate different fanout values. The values
of RLL required to give a low fanout (F = 1) and a high
fanout (F = 10 or 15) are also given in Table II.

To use the simulation program SPICE to calculate
the effects RF injected into the NAND gate output will
have upon NAND gate operation, the procedure described
in the previous section is applied. The standard SPICE
models are used for all NAND gate components except the
transistor T4. The transistor T4 is modeled by the
modified Ebers-Moll model. This model contains two RF
induced dc current generators ISCE and ISCC which depend
upon the value of the Thevenin equivalent RF generator

voltage amplitude VGEH:2
ISCE = (KE/RGE)VGEN 3
ISCC = (KC/RGC)VGEN (4)

The parameter values for KE, KC, RGE, and RGC were
determined experimentally at 220 MHz for a 2N2369A NPN
transistor which is believed to be similar to the out-
put transistor T4 in the 7400 NAND gates. The values
determined are KE = 0.12, KC = 0.72, RGE = 180 9, RGC
= 190 @, KE/RGE = 0.067 mv, and KC/RGC = 3.79 mu. The
ratios (KE/RGE) and (KC/RGC) are effectively transcon-
ductances which relate the RF induced dependent current
generators ISCE and ISCC to the control voltage VGEN.
(See SPICE data given in Table AI in the Appendix).
The control voltage VGEN is related to the RF incident
power PINC by Eq. (2) when RGEN = 50 0. Varying VGEN
over the range 0.2 to 20 V corresponds to varying PINC
over the range =10 to +30 dBm.

Shown in Fig. 5 are the predicted values of the
NAND gate output voltage VOUT plotted versus the RF
incident power PINC. The plots shown in Fig. 5 in-
dicate the relative EM susceptibility of the three
NAND gate types with low (F = 1) and igh (F = 10 or
15) fanouts. When no RF power is applied, the output
voltage VOUT is low (approximately 0.1 V). As the RF
power increases, the VOUT values increase. The selec-
tion of EM susceptibility threshold levels at which an
RF induced malfunction is said to occur is one of the
important decisions that an EMC engineer must make.

An EM susceptibility threshold level of VOUT = 0.8 V
corresponds to the upper allowed voltage value that a
subsequent stage is guaranteed to recognize as a low
state input. The value VOUT = 2.0 V corresponds to a
VOUT value certain to be recognized as a high state
(rather than a low state) by a subsequent NAND gate in-
put. The values of RF power which cause these two EM
threshold levels to be exceeded are given in Table III.
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Fig. 5 SPICE simulation values of the outnut
voltage VOUT vs. the incident RF power PINC for
three 7400 NAND gate types with different fanouts.
EM susceptibility thresholds at VOUT 2qual to 0.8

and 2.0 V are shown.

TABLE I

.Vo_lues of RF Power Which Couse EM Susceptibility
Criterio To Be Exceeded for Three 7400 NAND Gate Types

Type of Gate VOUT = 0.8V VOUT = 20V

SPICE® Expb SPICE® Exp.®
PrldBm)  PyldBm)  Py(dBm)  P.l0Bm)

T400L (F=10) 4.4 134

T400L (F= 1) 5.4 14.0

7400 (F=15) 76 6.0 14.5 14.5

7400 (F=1) 3.0 148 :

T400H(F= 10) "2 16.0

T400H (F= 1) 122 16.5

OVoiues of incident RF power.

® Vuiues of cbsorbed RF power - Sea Ret (6).
Volues of incident RF power would e higher.

The SPICE simulation results presented in Table
II1 indicate that the low power 74L00 series NAND gates
are the most susceptidle to RFI and that the high speed
74H00 series NAND gates are the least susceptible to
RFI. For each NAND gate type the fanout value has a
small effect (less than 2 dB) upon the RF power re-
quired to cause the two EM susceptibility threshold
levels to be exceeded. Also given in Table III are
experimental values for the absorbed RF power required
to cause the 7400 NAND gate series output voltage VOUT

to exceed the two EM susceptibilicy threshold levels.6
These experimental values are in good agreement with
the values predicted by the SPICE simulations. This
agreement indicates that the modified Ebers-Moll model
can be used in an electronic circuit analysis program
such as SPICE to predict RFI effects in digital bi-
polar IC's quite well.

Plotted in Fig. 6 are the predicted values of
the NAND gate power supply current ICC versus the RF
incident power PINC. It is observed that for RF power

: mlx-u..- Wi, 1o

-

67

N BT e NS WA R e A A A 1 i oy

RF - Perturbed 7400 NAND Gotes
0t (1)}
(3
/m
‘g [ AA__“‘ﬁ::m
5 T T Sinwiotion ]
&) ™ Fets RF injected lnte
8 (3) T4H Fed .,.:'f,.-, -
ot @ T Fe0
™ (5) 74L Fed
(6) 74L Fe40 )
st /m
2-
'o'. o et L T TR ¢ 1 i 3 ]
-0 0 3 5 +0 +20 %0
PINC (dBm)

Fig. 6 SPICE simulation values of the power supply
current ICC vs. the incident RF power PINC for three
7400 NAND gate types with different fanouts.

levels less than +20 dBm that little change occurs in
the power supply current ICC. However, by referring to
Figure S it is observed that for an RF incident power
level equal to +20 dBm that the NAND gate output vol-
tage VOUT exceeds 3.5 V for all NAND gate types. Thus
it is believed that in almost all applications the in-
crease in 7400 NAND gate output voltage VOUT will cause
circuit malfunctions at lower values of PINC (+4 to +
12 dBm) than the values of PINC(>+ 20 dBm)required to
cause increases in the power supply current ICC.

IV. A Worst Case Simulation Procedure

In the previous section the impedance of the RF
generator connected to the 7400 NAND gate was assumed
to be 50 . The main reason for making this assumption
was to permit a comparison of SPICE simulation results
to the available experimental results which were ob-
tained by injecting RF power into a 7400 NAND gate from
an RF generator with 50 Qinternal impedance. In an
actual RFI environment (as opposed to a laboratory en-
vironment) EM fields incident upon an electronic system
will be coupled througn the electronic system enclosure
to the interior. (See Fig. l1.) The EM fields inside
the electronic system enclosure will induce RF voltages
and currents on the wires connected to IC's. The RF
voltages induced on the wires can be represented by a
Thevenin equivalent voltage source of amplitude VGEN
and impedance RGEN. In general the impedance RGEN will
not be 50 Nbut can be expected to lie in the range 5 to
5000 2. The objective of this section is to describe a
generalized worst case analysis procedure which can be
used in the situation in which the RF Thevenin equiva-
lent source impedance RGEN is not known apriori.

The generalized worst case analysis procedure to
be described uses the modified Ebers-Moll model shown
in Fig. 4. Recall that this model contains two dc cur-
rent generators ISCE and ISCC and two resistors which
depend upon the RF power incident upon the transistor
being modeled. The method used to assign values to
these four parameters differs from that used in the
previous section. The new method used to assign values
to ISCE, ISCC, RGE, and RGC is quite general and appears




Vs

“well-suited for worst case analyses. As discussed in

the previous paper the modified Ebers-Moll model shown
in Fig. 4 for a bipolar junction transistor (BJT) re-
sembles the standard Ebers-Moll model with the standard
collector-base diode DC1l tghunted by the RF induced com-
ponents DC2, RGC, and ISCC and with the standard emitter
base diode DE1 shunted by the RF induced components DE2
RCE, and ISCE. The diode DC2 is identical to the diode
DC1, and the diode DE2 is identical to the diode DEL.
The specific case being simulated is a 7400 NAND gate
with RF power injected into its output terminal which
is connected internally to the collector of the tran-
sistor T4 as shown in Fig. 3. For RF power injected
into the collector of a BJT with the specified external
(to the transistor) bias and load conditions, the worst
case simulation results are obtained when all the RF
power is assumed to go into the collector-base junction

with no RF power going into the emitter~base junction.6
Since the emitter-base junction is assumed to absorb
zero RF power, the values ISCE = 0 and RGE = = are
assigned to the emitter base junction parameters. (The
SPICE data cards for these circuit elements are opmitted.)
Since the collector-base junction is assumed to absorb
all the RF power, the values assigned to the collector-
base junction parameters are ISCC = VGEN/RGEN and RGC =
RGEN. As discussed in the previous paper this assign-
ment over-estimates the dc rectified current produced
in a diode connected to an RF source of amplitude VGEN

and impedance RGEN.1 This is the main reason that the

procedure being described is called a worst case anal-
ysis procedure. These assignments are summarized
below:

RGE = =, (5)
ISCE = 0 (6)
RGC = RGEN (7)
1SCC = VGEN/RGEN (8)

To relate the RF generator voltage amplitude VGEN
to the incident RF power PINC, Equation (1) 1s used. :
Particularly useful is the value of VGEN for which PINC
= 1 W which 1s given by

VGEN = (snc!-:n)o' 2 (€))

Equations (5) - (9) are used to assign values to the
circuit parameters in the SPICE simulatioms.

As in the previous section the situation being
simulated is the one in which both NAND gate inouts are
high and the output is low in the absence of injected
RF. The value for the resistor RLL is set equal to
300 9 which corresponds to a fanout F = 15. (The
results of the previous section indicate that the high-
er fanout value leads to EM susceptibility effects at
slightly lower RF incident power levels than does a
low fauout value such as F = 1.) The first step in the
simulation procedure is to assign a value for the im-
pedance RCEN of the Thevenin equivalent RF source.

The current generator ISCC is calculated using Eq. (8).
Next the voltage generatcr amplitude VGEN is swept

from 0.00 to (BRGEN)O'5 in steps equal to (BRGBN)O'S/IOO.
Recall from Eq. (9) that the maximum VGEN amplitude
corresponds to PINC = 1 W, The corresponding values
for the RF incident power PINC are calculated using
Eq. (1). Values for the NAND gate output voltage VOUT
are plotted versus values of PINC for each value of
RGEN selected as shown in Fig. 7. Using the SPICE
simulation results shown in Fig. 7, the values of the
incident pcwer PINC that cause VOUT to equal EM sus-
ceptibility threshold levels equal to 0.4, 0.8, and
2.0 V were determined.
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Fig. 7 SPICE simulation values of VOUT for a 7400 NAND
gate vs. PINC. The RF Thevenin source impedance RGEN
is varied from 5 to 5000 Q.

Shown in Fig. 8 are the values of PINC required
to cause VOUT for a 7400 NAND gate to exceed the three
selected EM susceptibility criteria plotted versus the
RF generator impedance KGEN. It is observed that for
each EM susceptibility thrzshold level that the PINC
vs. RGEN plot has a minimum PINC value. These mini-
mum PINC values are summarized in Table IV along with
the corresponding RGEN values. Upon examining the
values given in Table IV, it is observed that for the
VOUT = 0.8 and VOUT = 2.0 V EM susceptibility thres-
hold levels that the minimum PINC values are lower
than the PINC values at RGEN = 50 Q by 2.5 and 6.0 dB
respectively. The SPICE simulation results clearly
indicate that the PINC values required to cause VOUT
to exceed the higher threshold levels do depend upon
the impedance RGEN of the Thevenin equivalent RF
source, Experimental results for values of RGEN other
than 50 2 to which the SPICE simulation results might
be compared are not available. Nor are such experi-
mental results easily obtained at UHF frequencies
where most coaxial transmission line equipment has a
50 Q@ characteristic impedance. However, the SPICE
simulation results with RGEN = 50 Q can be compared to
experimental results obtained with RGEN = 50 0 . As
shown in Table IV these results agree within &4 dB.

The good agreement obtained for the special case RGEN =
50 2 between simulated and experimental results gives
us confidence that the simulation procedures developed
are reliable ané that these procedures can be extended

to the more general case where RGEN is not 50 @ . The
simulation results given in Fig. 8 and Table IV provide
a usable estimate of the minimum RF incident power re-
quired to cause various EM susceptibility threshold
levels to be exceeded.
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Fig. 8 Values of PINC required to cause VOUT for a 7400
NAND gate to exceed various EM susceptibility criteria

vs. the RF Thevenin source imnedance RGEN.

V. Conclusion

It has been demonstrated that electronic circuit
analysis programs such as SPICE can be used to predict
the effects of RFI upon bipolar digital IC's such as
7400 NAND gates. The most important requirement is a
good model for the bipolar transistor in which RF is
injected. The modified Ebers-Moll model described in
the previous paper is such a model. The procedures for
using the modified Ebers-Moll model as an external mod-
el in the simulation program SPICE were described in
Section IT, No change in an existing SPICE computer
code is required. In subsequent sections these pro-
cedures were applied to determine the EM susceptibility
of a 7400 NAND gate with both inputs high and the out-
put low (with no RFI present) when RF power was inject-
ed into its output since previous investigations had

indicated that this was the most susceptible case.5_7
The simulations reported upon used standard SPICE mod-
els for all components in the 7400 NAND gate except for
the output transistor. The output transistor imto
which RF was injected was modeled using the modified
Ebers-Moll model.

The EM susceptibility of three types of NAND
gates was investigated. Experimentally determined
values were used for the RF induced parameters in the
modified Ebers-Moll mcdel. The SPICE simulations in-
dicated that the low power 74L00 series NAND gates are
the most susceptible and that the high speed 74H00
series NAND gates are the least susceptible. Varia-
tions in fanout cause less than a 2 dB variation in
the incident RF power required to cause various EM
susceptibility threshold levels to be exceeded. To
summarize the SPICE simulation results: all three
types of the 7400 NAND gates will malfunction in most

circuit applications at injected RF power levels in tue

+6 to +16 dBm range.

A worst case analysis procedure also was des-
cribed. The procedure described is quite general in
that the impedance RCEN of the Thevenin equivalent RF
source connected to the IC can be varied in a system-
atic manner. This procedure is especially useful when

the RGEN value is not known apriori. Values for the RF

ot - . - PR ————

xa?“‘. M lae W e

TABLE I¥

Values of PINC Required to Cause VOUT to Exceed
EM Susceptibility Threshold Levels for 7400 NAND Gates

Experimontol®
(Worst Case)
PINC Volue  PINC Voive

SPICE Simulotions

Threshoid  RGEN Vaiue PINC

Lavel forPINC ot Minimum  Minimum  When RGEN
PINC Value s P "mon
v 8 d8m @Bm dBm
04  50-200 -4 -4 -3
0.8 200~ 1000 -05 +2 +6
20 500-1000 = +4 +10 +13

Ret. (7), p.4.

power PINC in the range -4 to +4 dBm caused the three
selected EM susceptibility threshold levels to be ex-
ceeded. For the special case RGEN = 50 9 the simula-
tion results and experimental results agreed within

4 dB. (The predicted results are more conservative
than the experimental results which is desirable in a
worst case analysis.) As stated previously the good
agreement obtained for this case makes us confident
that the simulation procedures are reliable and useful.
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TABLE Al

| DATA CARDS FOR A SPICE SIMULATION |
I OV 1% B RERANS. Y400 KNI GATR *WHICH DEPEND UPON THE VOLTAGE ACROSS ’;
¢ VCC 9 0 e § *RSWEEP ALSO VARY, THIS SIMULATES ,
VIN 1 0 DC 4.25 *A CHANGE IN INCIDENT RF POWZR. |
v VGEN 16 0 “OUTPUT VOUT 8 0 PLOT DC 0 § . ; |
F i -TEMP 20 |
| 0e 0 < Mok 20 * MDAC RF MODIFIED EBERS-MOLL MODEL |
P R2 9 4 1.43K -MODEL RF-EBML X 8 5 20 16 !
P B 23 9 6 011K . IAFIE V 8 12 12 13 0.956 |
‘ . 5 IARIC V 20 12 12 11 0.0956 {
- R¢ 5 0 1.06K Lt .'
- A )8 2N RCSENSE 12 11 1
i § 3% o RESENSE 12 13 1
| : QT2 4 3 5 MOD2 DC1 11 8 MOD?7
‘ QT3 6 4 7 MOD3 DE1 13 20 30D8
i XT4 8 5 0 16 RF-EBML “MODEL MOD7 D IS=200P
‘. *MODEL MOD& D IS=20P
;’ L *RF INDUCED TERMS (ELEMENTS)
§ -MODEL MOD1 NPN .316 .0024 68 1S=SE-13 :g'c'ﬁgpl})"lgg 1
E | -MODEL MOD2 NPN 19.8 .060 75 1S=3E-12 oy
E ] -MODEL MOD3 NPN 17.2 .082 70 IS=8E-12 L e o n.
g -MODEL MOD4 NPN 21.7 .106 80 IS=2E-11 e
. “MODEL MODS D RS=60 IS=1E-10 L gl e .
; -MODEL MOD6 D RS=30 ISaSE-12 B L e
“DC TC VGEN .2 20 .2 o
*BY CAUSING VGEN -TO VARY THE e

*CURRENT GENERATORS ISCC AND ISCE




